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TECHNICAL NOTE 3475

AN ANALYSIS OF ACCELERATION, ATRSPEED, AND GUST-VELOCITY
DATA FROM ONE TYPE OF FOUR-ENGINE TRANSPORT
ATRPTIANE OPERATED OVER TWO DOMESTIC ROUTES

By Martin R. Copp and Thomas L. Coleman
SUMMARY

Time-history data obtained by the NACA VGH recorder from two four-
engine cammercial transport airplenes of the same type operating on two
domestic routes are anslyzed to determine the magnitude and frequency of
occurrence of gusts and of gust and maneuver accelerations and the
asgociated airspeeds. The number of gust accelerations experienced per
mile of flight by the two operations differed by & factor of roughly 3.
The number of gusts per mile of flight differed by & factor of roughly L.
A general decrease in the frequency of occurrence of gusts of a given
velocity with increasing altitude was noted for both operations. For
acceleration values above 0.8g, meneuver accelerations formed a substen-
tial part of the total-flight load histories. A comparison of the
average overall airspeeds and the corresponding average airspeeds in
rough air (with accelerations equal to or greater than 0.3g) indicated
very little slowdown by either operation upon encountering turbulence.

INTRODUCTION

As part of a continuing study of the gust and load histories for
transport airplenes (see, for example, refs. 1 and 2), samples of VGH
records have been cobtained from two four-engine commercisl transport
eirplanes. The type of airplane from which the date were obtained has
been in wide use by both foreign and domestic operators since about 1948.
The data samples represent 839 and 1,080 £light hours of operation on
two transcontinental routes and cover operations up to an altitude of
25,000 feet.

The VGH data have been analyzed to determine the magnitude and
frequency of occurrence of gusts and of gust and maneuver accelerations -
and the associated ailrspeeds and altitudes for each of the operations.
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The variations in the magnitude and frequency of occurrence of the
accelerations and gusts with route, flight condition, and altitude are
presented. In addition, previously published V-G data (ref. 3) from
one operation are used to supplement one set of the present VGH data to
obtain an estimate of the overall gust and acceleration history.

INSTRUMENTATION AND ATRPLANE

The data were collected with NACA VGH recorders which are described
in detail in reference 4. This recorder ylelds a time-history record of
indicated airspeed, altitude, and normal acceleration from which the
detailed load and gust history of the airplane, together with pertinent
operating conditions such ag airspeeds and altitudes, can be obtained.

The data were obtalned on two transport airplanes of the same type
although there were slight differences between the gross weight and
several other characteristics of these particular airplanes due to vari-
ations in the fuel-tank errangements and the types of propellers. The
characteristics of the two airplenes (designated A and B) that are perti-
nent to the evaluastion of the date are described in the following table:

Design gross weight, W, 1b

Airplene A . . . . . e e e e e e e e e e e e e s e e s . 89,900

Adrplane B . . . & v ¢ 4 vt i s e e e e e e e e e e e e 93,200
Wing areg, S, 8¢ £ . + v ¢ v ¢ ¢ 4« 4 4 e 4 s e e e e e e e 1,463
Aspect 78510, A v v« v 4 4t 4t e e e e e e e e e e e e e s 9.4
SDAN; Dy L v v o o e e e e e e e e e e e e e e e e e e e e . 11T.5
Mean serodynamic chord, €, ££ ¢« ¢ « ¢ « + 4 ¢« 4 ¢« + o 4 o o 3.7
Slope of 1ift curve per radisn (computed), m . . . . . . .. k.95
Design speed for meximum gust intensity (indicated), Vg, mph

AIrplane A ¢« ¢ v v 4 o e 4 e e e e e e e s e e e e e e e 183

AIrplane B v v v v v v 4 e b s n e et e e e e e e e e e e 187
Design cruising speed (indicated), Vg, mph . . . . . . . . . 300
Iimit-gust-load-factor increment (computed

AlTPlane A v v v 4 ¢ 4 v e b e e e e e e e e e e e e e e 1.54

BIrplane B v & v v 4 ¢ 4 4 4 4 e 6 e e e e e e e e e e e e 1l.h47

Gust alleviation factor, K, for gross weight (ref. 5)
Alrplane A . v v v 4 4 4 4t e e 4 s e e 4 e e s e e e e e e 1.218
Airplane B ¢ & v 4 4 0 4 4 e e 4 s 4 6 s s s 4 4 e 4 e e e l.212
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The values listed in the table were obteined from the airplane
operators unless otherwise indicated. The slope of the lift curve was

calculated (as recommended in ref. 6) from the relstion Eéi—g, where

A 1s the aspect ratlio. The limit-gust-load-factor increments were com-
puted according to current Civil Air Regulations (ref. 5). The values
are based on the design gross welghts and an effective gust velocity Ue
(ref. 6) of 30K fps at the design cruising speed Vo of 300 mph. The

computed gust-load factors are not necessarily the design velues, since
the lift-curve slope used by the manufacturer is slightly different from
the value used herein.

SCOPE OF DATA

The routes on which airplanes A and B were flown ere shown in
figure 1 and are designated as operation A and operation B to correspond
to the airplane designations. The samples of VGH data probsbly repre-
sent operations over all sections of the routes shown although the amount
of flight time over each section of the routes is not known.

The operating conditions covered by the data and the sample size
from each operation are summarized in the following table:

Operation A | Operation B
Average length of flight, hr . . . . . 1.95 2.15
Average cruising altitude, £t . . . . 14,100 14,900
Average indicated airspeed, mph ., . . 227.9 216.5
Total record hours evaluated . . . . . 838.7 1,080.3
Dates of record ecollection . . . . . . 1950 to 1953 | 1951 to 195k

EVALUATION OF RECORDS

The VGH records from each operation were evalusted in accordsnce
with the methods used in references 1 and 2 to obtain freguency distri-
butions of gust and meneuver accelerations and the associated airspeeds.
For these evalustions, each flight on the VGH records was divided into
three flight conditions: climb, en route, and descent. The climb con-
dition covered the time from teke-off until the alirplane began to main-
tain level flight, as indicated by the altitude trace. The descent was
considered to begin when the airplene begen to lose altitude consistently
and to end when the airplane touched down. The portion of the fiight
between the climb and descent was consldered to be the en-route condition
and ordinarily 1%t contained some changes in altitude.
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Since accelerations caused by both gusts and maneuvers were present
on the records, it was necessary to distinguish between the two types
of accelerations. The criterion used was that maneuver accelerations
generally have a longer period (usually greater than 4% gseconds) than
gust accelerations, and that high-frequency low-intensity fluctuations
of the airspeed trace occur simultaneously with the gust accelerations
but are no? apparent during meneuvers. (See illustrations of VOH records
in ref. 2.

The maneuver and gust accelerations were read from the VGH time-
history records by using the steady-flight position of the acceleration
trace as a reference. The evaluation of the gust accelerations was
limited to values equal to or greater than t0.3g since reading to a lower
level would have greatly increased the evalustion time without yielding
a corresponding increase in the value of the data. Only the peak or
meximum value was read for each deflection of the acceleration trace
greater than the given threshold value. The indicated eairspeed and
pressure altitude corresponding to each gust acceleratlion were also
read and tabulsted.

In evaluating the maneuvers, a reading threshold of 10.lg was used.
As in reference 2, the maneuver accelerations were divided into two
groups, that is, check-flight maneuvers obtained from airplane or pilot
check flights and operational maneuvers obtained from routine operational
flights.

Distributions of alrspeed and altitude were obtained from the
records by reading and tabulating the indicated airspeed and pressure
altitude for each l-minute interval of flight. )

The following teble indicates the number of flight hours of
record from which the various distributions of airspeed, altitude, and
accelerations were read:

Operation A | Operation B

Total record hours availsble . . . . . . . . 838.7 1,080.3
Hours evaluated for gust accelerations,

alrspeeds, and altitudes . . . . . . . . . 833.5 1,061.8
Hours evaluated for check—flight

MENEUVErs . « . . .. e e e 838.7 1,080.3
Hours actuslly spent in check flights . e 5.2 18.5

Hours evaluated for operational
MEBNEUVETE « = o5 e o o o o o o o o o o o = 833.5 1,036.1
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Gust accelerations and the corresponding altitudes and airspeeds
were used to calculate gust velocitles by means of the derived gust-~
velocity equation (see ref. T7):

ey
Yde = ¥ 578
gPoVe

where

Uge derived gust velocity, fps

W airplane weight, 1b

an normal acceleration, g units (corresponds to An used in
ref. T)

Ks gust factor

fo air density at sea level, slugs/cu ft

Ve equivalent airspeed, fps

m slope of 1lift curve per radian

s wing area, sq ft

The gust factor Kg is a function of the mass ratio of the airplane
and, consequently, it varies with altitude. The values of Ké were

computed at the midpoint of each 5,000-foot altitude range and varied
from 0.710 at 2,500 feet to 0.790 at 22,500 feet. An average weight of
0.85 design gross weight was assumed in determining the values of Kg
and in calculating the gust velocities.

RESULTS

The frequency distributions of accelerations end gust velocities
evaluated from the VGH records are given in tables I to V and are grouped
in class intervals of O.lg for acceleration and 4 fps for gust veloecity.
The number of flight hours and the flight miles represented by each
distribution are also given in the tables.

The gust-acceleration distributions for each operation (table I)
are plotted in figure 2 in terms of the average number of accelerations
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greater than a given value per mile of flight. For this purpose, the
positive and negative acceleration distributions for each operation

were combined into a single distribution without regard to sign since

they were essentially symmetrical. The cumulative frequency per mile,
given as the ordinate in figure 2, was obtained by progressively summing
(starting with the frequency of the largest acceleration) the combined
frequency distributions to obtain the cumulative frequency Zf. The
cumulative frequencies were then divided by the number of flight miles 1
represented by the data to obtain the average number of accelerations
greater than given values which were experienced per mile of flight, Ek?l.

The gust-acceleration data by flight condition (that is, climb,
en route, and descent) from table II are shown in figure 3 for each
operation. As in figure 2, the ordinate scale is in terms of the num-
ber of accelerations greater than a given velue per mile of flight.

The frequency of occurrence of operational- and check-flight-maneuver
accelerations (table III) is plotted in figure L4 for both operations. In
order to compare the magnitude and frequency of occurrence of gust and
maneuver accelerations, the gust-acceleration data of figure 2 and the
combined maneuver distributions of figure 4 are plotted in figure 5. The
combined maneuver distribution for each operation was obtained by summing
the ordinate values of the positive and negative check-flight- and
operational-maneuver distributions presented in figure .

The frequency of occurrence of gusts of a given velocity is plotted
in figure 6 for each operation. The data for the figure were taken from
table IV. In figure 7, the frequency of occurrence of gustis of a glven
veloclty for varlous altitude ranges 1s plotted for each operation. The
data plotted in the figure were obtained from table V which gives the
gust-velocity distributions by 5,000-foot altitude ranges. Because of
the small sample size available for the highest altitudes, the gust-
veloclty distributions for the 20,000-foot to 25,000-foot altitude range
were not plotted in figure 7. The apparent dropoff in gust frequency at
low values of gust velocity in figures 6 and 7 is due to incomplete fre-
guency counts near the threshold values. '

For the purpose of examining the alrspeed practices of each opera-
tion, the portion of total flight time spent at given indicated airspeeds
in each flight condition is plotted in figure 8. The distributions were
obtained from the l-minute airspeed tabulations of the VGH data. In order
to compare those data with the airspeeds used in rough air, the sirspeeds
at which the gust accelerations greater than t0.3g were encountered are
also shown for each flight condition by the deshed lines. In addition,
the design speed for maximum gust intensity Vp and the design crulsing
speed Vp are shown in figure 8.
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PRECISTON AND RELTABILITY OF RESULTS

The three possible sources of error in the present data are instru-
ment errors, installation errors, and reading errors. Reference 4 gives
a discussion of the inherent errors in the NACA VGH recorder and the
installation errors. The installations met the basie requirements given
in reference 4, and the installation errors for the NACA VGH instruments
used in the present investigation were, accordingly, believed to be negli-
gible. A discussion of the reading errors which apply to the present
date is given in reference 8. The estimated total error for each of the
quantities measured is:

Acceleration, gunits . . . & « v v ¢ ¢ ¢ 4 v b 4 i i e e . . TOO5

Indicated airspeed, mph

AL 00 mPh & & v b v e v e e e e e e e e e e e e e e e e e . 15.0

AE250mph « . . 4t e i e e e e e e e e e e e e e .. E2.5
Pressure altitude, ft

AL 2,000 5 & v v b it e e e e e e e e e e e e e e e e e . t150

AL 20,000 T5 ¢« v & v v v ot e e e e e e e e e e e e e e e e . 00

In addition to the precision of the instrument and the accuracy of
the record reading, the statistical reliability of the date sample (that
is, how representative it is of extended periods of operations) is also
important. Some rough estimates of the statistical relisbility of the
present samples were obtained by observing the variations between the
distributions from individual records and from combinations of records
forming the total sample. Based on these comparisons, the total distri-
butions of gust accelerations and gusts (figs. 2 and 6) are estimated
to be relieble within a factor of sbout 2 on the ordinste scale at the
sma.ller acceleration and gust-velocity values and within a factor of 3
at the higher values. The distributions of the data by altitude and
flight condition are somewhat less reliable, however, since they repre-
sent smaller date samples.

The operatlional-maneuver accelersation distributions given in fig-
ure 4 are estimated to be reliable within a factor of about % for the
range of date shown. The reliability of the check-~flight-maneuver data
(fig. &) may be somewhat less, however, because of the small number of
hours spent in check flights (teble ITI(b)). The amounts of time spent
in check flights were 0.62 percent and 1.7l percent of the total flight
hours for operations A and B, respectively. Information received from
airline operators indicated that, for extended operations, about 1 per-
cent of the total flight time is spent in airplane and pilot check
flights. The percentage of total time spent in check flights asppears,
therefore, to be representative of current operations.
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DISCUSSION

Gust Accelerstions

Inspection of figure 2 shows that, except for the lowest acceler-
ation value, roughly three times the number of gust accelerations per
mile of flight were experienced in operation B as were experienced in
operation A. This difference corresponds to the accelerations for oper-
ation B being about 20 percent higher than those for coperation A when
the comparison is made for a given frequency of occurrence. The vari-
ations in the number and magnitude of the accelerations experienced in
the two operations are due mainly to differences in the number of gusts
encountered and the airspeeds at which the gusts were encountered.

The breakdown of the VGH gust-~acceleration distributions into three
flight conditions (fig. 3) indicates thet, in general, for both opera-
tions, the greatest number of accelerations per mile of flight were
encountered during the descent condition and the least number during
the en-route or cruise condition. The fewer accelerations experienced
during the cruise condition are due to the decrease in gust frequency
with increasing altitude, as is discussed subsequently. Although both
the climb and descent conditions are associated with the more turbulent
air at low altitudes, the higher alrspeeds utilized during descent
resulted in higher accelerations for this condition than for the climb,
An examination of table II indicates that more than 50 percent of the
total number of accelerations above 0.3g occurred during the descent
for operation A and more than 40 percent during the descent for opers~
tion B. A reduction in airspeed during the descent, therefore, would
result in a substantial reduction in the number of accelerations above
0.3g for the total operation.

Maneuver Accelerations

Figure 4 shows that the positive and negative operational-meneuver
acceleration distributions are approximately symmetrical for both oper-
ations. The maximum operational-maneuver accelerations experienced were
0.5g and 0.6g for operations A and B, respectively. The distributions
indicate maximum differences of 3:1 in the frequency of occurrence of
operational-maneuver accelerations for the two operations. The magni-
tude and frequency of occurrence of operational-maneuver accelerations
are in general agreement with previous data obtained from several types
of commercial transport airplanes and reported in references 1 and 2.

Inspection of figure It shows that the magnitude and frequency of
occurrence (based on total flight miles) of check-flight-maneuver accel-
erations were somewhat greater for operation B than for operation A.
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This difference may result f£from the greater percentage of total Ilight
time spent in check flights by operation B, as was previously noted.

The positive and negative acceleration distributions for operation A

are essentially symmetricel, whereas for operation B the positive accel-
erations were larger, wlth the maximum acceleration belng approximately
l.4bg. This value is higher than the maximum acceleration obtained on
several types of transport airplanes previously reported in references 1
and 2.

Comparison of the accelerations (fig. 5) caused by gusts and by
meneuvers (operational and check flight) indicates that accelerations
below sbout 0.8g resulted several times more frequently from gusts than
from meneuvers. In contrast, accelerations above 0.8g appear to have
resulted at least as frequently from maneuvers as from gusts. For oper-
ation A, the maximum gust and maneuver accelerations recorded in the
present data samples were spproximately equal, whereas for operation B,
the maximum maneuver acceleration was about 40 percent higher than the
maximum gust scceleration. As previously noted, these large maneuver
accelerations for airplane B occurred during check flights. The data
in figure 5 indicate therefore that, for the larger values of accelere-
tion, maneuver accelerstions may be a substantial part of the total~
f£light load histaries.

Gust Velocities

Figure 6 indicates overall differences of about 4:1 in the frequency
of occurrence of gusts for the two operations, with the higher number
oceurring for operation B. For a given frequency of occurrence, this
results in the magnitudes of the larger gust velocities for operation B
being aspproximately 30 percent higher than those for operation A. A
consideration of the topograpby covered by the two routes suggests that
a larger percentage of the flight miles was over higher and rougher
terrain for aperation B than for operation A. Under these conditioms,
a8 higher gust experience would be normally expected for operation B,
assuming all other phases of the two operations were equal.

Previous results of gust experiences obtained on the two routes in
1957 to 1941 with twin-engine airplanes (operations E-I and E-V in ref. 9)
indicate a higher gust experience for the route covered by operation A.
Although the reason for the apparent discrepancy between the present
results and those of reference 9 1s not known, it mey be associated with
changes in alrline equipment end operating practices.

The variation in the frequency of occurrence of gusts of a given
velocity with pressure altitude is indiceted in figure 7. The resulis
show that, for both operations, the number of gusts encountered per mile
of flight decreases with increasing altitude. For operation A, the
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frequency of occurrence of gust velocities of & given value for the O- to .
5,000-foot altitude range is roughly 100 times that for the 15,000~ to
20,000-foot range. In the case of operation B, the corresponding differ-
ence between the gust frequencies is about 15: 1. The smaller reduction

in gust frequency with increasing altitude indicated for operation B

might result from the apparent lower altitude above terrain for this
operation; this factor was not considered in grouping the data in the
altitude ranges.

Airspeeds

In figure 8, the overall distributions of indicated asirspeed for
both operations show that the highest speeds occurred during the descent
and that the climb speeds generally were the lowest. The design cruising
speed Vp of 300 mph was equaled in operation B and exceeded several

times in operation A in the descent condition.

Figure 8 also shows that a large part of the airspeeds in rough air
for the c¢limb condition was approximately equal to or less than the design
speed for maximum gust intensity Vg. A reduction in airspeed upon

entering rough eir was not required, therefore, in many cases during the
climb for both operations. For the en-route and descent conditions, fig-
ure 8 indicates very little reduction in airspeed upon encountering rough
air. The rough-air distributions of figure 8 were based on the aircraft
experiencing accelerations equal to or greater than 0.3g. For higher
values of acceleration, a substantial airspeed reduction might be expected.
However, an additional breakdown of the VGE data indicated that, for val-
ues of gust acceleration equal to or greater than 0.5g, no espprecigble
slowdown was evident for the three flight conditlons of both operations
As indicated in reference 1, this might be due to either the pilot 8 not
anticipating the turbulence in time to reduce the airspeed or to a prac-
tice of not reducing the airspeed unless turbulence more severe than
represented in the present data is encountered.

In order to examine the effect of airspeeds on the gust-acceleration
experiences for the two operations, the average indicated alrspeeds in

rough air (an 2 O.jg) for the three flight conditions have been obtained
from figure 8 and are presented in the following table:

Indicated airspeed, mph, for -

Operation
Climb | En route | Descent | Total flight
A 197.0 2%2.2 239.0 234.9
B 192.3 218.1 221.2 216.8
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Fram the table it can be seen that the average rough~air speed for
all flight conditions in operation B is approximately 8 percent lower
than in operation A. It would appear that the lower, average rough-air
speed would result in the accelerations for operation B being lower than
those for operation A. This is offset, however, by the 30 percent higher
gust velocities (fig. 6) which result in the accelerations for opera-
tion B belng sbout 20 percent higher than for operation A when the com-
parison is made for a given frequency of occurrence.

Overall Loed and Gust Histories

Samples of VGH data are limited in size and therefore do not contain
many of the larger loads and gust velocities which occur rather infre-
quently. Estlmates of these large and infrequent loads and gust velocities
are usually based on samples of V-G date covering long periods of opera-
tlon. By cambining the V-G end VGH data, 1t appesrs possible to obtain
an estimate of the overall load and gust history for a glven type of
operation. Examples of such estimates are given in references 1 and 8
for previocus operations. This procedure has also been followed for oper-
ations of the present type of airplane by combining the VGH data for the
present operation B with 14,953 hours of V-G dete obtained for transports
of the same type and opersted by the same alrline (operation A of ref. 3).
The combined acceleration and gust data sre shown in figures 9 and 10,
respectively.

In figure 9, the overall gust and maneuver-load history was estimated
by a curve which was faired through the VGH gust end maneuver datas and
then extended to match the V-G data et the higher acceleration velues.
As can be seen from the figure, the V-G data grossly underestimate the
frequency of occurrence of the lower accelerastion values because of the
nature of the record esnd the evalustion procedure (two resdings per record).
On the basis of the faired curve, figure 9 indicates that the acceleration
corresponding to a gust-load-factor increment of approximately 1.5 is

exceeded on the average 1.6 X lO"6 times per mile of flight, or once in
every 0.65 x 10° £iight miles.

The VGH gust accelerstlons glone are also shown in figure 9 for
comparison with the overall loed history. The contribution of maneuvers
to the total lozd history as discussed previously in connection with
figure 5 is evident from a comparison of the two sets of VGH data. A
conflict between the VGH gust-accelerstlon dats and the V-G deta is also
indicated by the trend of the VGH gust accelerstions from sbout 0.8g
to 1.0g. This conflict suggests an appsetrent blasing of the V-G data by
meneuver accelerations in spite of efforts to eliminate obviocus maneuver
accelerations fraom the V-G data. These difficuliies Iindicete the need
for further study of the data.
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The falred curve of figure 10 indicates that, in the high range of
gust velocities, a 50-fps gust is exceeded on the average 3.6 X lO’6 times
per mile of flight, or once in 0.28 x 10° flight miles. In the lower
gust-velocity range, a 30-fps gust 1s exceeded on the average 1.6 X 10"k

times per mile of flight, or once in 0.63 X 10% flight miles. As pre-
viously noted, meneuvers might have biased the V-G gust-acceleration data
and., therefore, the gust velocities given in_figure 10, which were derived
from the seme date, might also be blased.

CONCIUSIONS

An analysis of VGH data obtained from two four-engine commercial
transport airplanes of the same type during operations on two domestic
routes has indicated the following results:

1. The number of gust accelerations experlenced per mile of flight
by the two operations differed by .a factor of roughly 3. The number of
gusts per mile of flight differed by a factor of roughly k4.

2. About 100 times as many gusts were encountered per mile of
flight below 5,000 feet as were encountered between 15,000 to 20,000 feet
for one operation and ebout 15 times as many at similar altitudes for
the other operation.

3. Accelerations below 0.8g occurred several times more frequently
from gusts than from meneuvers. Accelerations above 0.8g appeared to
have resulted at least as frequently from maneuvers as from gusts.

4. A composite distribution of VGH and V-G data obtained from one
operation indicated that a gust-load-factor increment of 1.50 was exceeded

on the average 1.6 X 10°6 times per mile of flight, or once in every
0.63 x lO6 flight miles. In the high range of gust veloclties, a 50-fps
gust was exceeded on the average 3.6 X lO"6 times per mile of flight, or
once in 0.28 x 106 flight miles. In the lower gust-velocity range, a
30~fps gust was exceeded on the average 1.6 X lO",+ times per mile of
flight, or once in 0.63 x 10% flight miles.

5. The overall distributions of indicated airspeed for both oper-
ations showed that the highest speeds occurred during the descent and
that the climb speeds generally were the lowest.
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6. No sppreciable slowdown in rough air was evident for the three
flight conditions of both operations.

Langley Aeronautical Iaboratory,
National Advisory Committee for Aerconautics,
Langley Field, Va., June 1, 1955.
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TABLE I.- FREQUENCY DISTRIBUTIONS OF POSITIVE

AND NEGATIVE GUST ACCELERATIONS

Acceleration, ap, Frequency, £, for -
g units Operation A | Operation B
1l.0to 1.1 |  «ccem 1
.9 to 1.0 1 3
B8t .9 0 p)
T to .8 1 6
.6 to .7 g 53
5 to .6 21 155
Ao .5 86 243
3 to b 511 586
-3 to -k 651 854
-k to -5 107 203
-.5 to -.6 2L T9
-.6 to -.T 6 12
-.7T to -.8 3 5
-.8 to -.9 1 1
-.9 %t «1.0 |  ee-—- 1
Total (positive
and negative) 1,h21 2,205
Sample size, hr 833.5 1,061.8
Flight miles, 1 2.3 x 1 2.8 x lO5
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TABLE IT.- FREQUENCY DISTRIBUTIONS OF GUST ACCELERATIONS BY FILIGHT CONDITION

Frequency, f, for -
Acceleration
(positive and C1imb En route Descent
negative}, &n,
g units Operation|Operation|Operation |Operation |Operation|QOperation
A B A B A B
0.3 to 0.k 17 196 353 554 662 690
b4 to .5 15 7 68 201 110 198
.5 to .6 7 2% 16 107 22 104
.6 to .7 1 10 5 37 9 18
T4 .8 — 2 3 3 1 5
.8 to .9 —— 0 1 4 ——— o}
.9 to 1.0 — 1 1 1 —-— 2
1.0 to 1.1 -— —_— - “—— -— 1
Tdfel 170 279 hhr 907 80k 1,019
Sample size, hr 102.4 1484 57%.6 714.9 157.5 198.5
Flight miles, 1|2.3 x 10%(3.1 x 10%116.0 x 10%{20.0 x 10*|k.2 x 10*|4.9 x 10*
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NACA TN 3475

TABLE III.- FREQUENCY DISTRIBUTIONS OF
MANEUVER ACCELERATTONS

(a) Operational maneuvers

Acceleration, ap, Frequency, f, for -
g units Operation A | Operation B
0.6 to 0.7 | = —==m- 1
.5 to .6 2 2
B o .5 b 18
.3 to b L7
.2 to .3 465 636
.1t .2 2,817 3,962
-.1 to -.2 3,164 5,022
-.2 to -.3 297 733
-.3 to -.14 25 98
- to -.5 3 11
-.5 to -.6 1 5
Total 6,825 10,577
Sample size, hr . 833.5 1,0%36.1
Flight miles, 1 2.3 x 107 2.7 x 107
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NACA TN 3475
TABLE III.- FREQUENCY DISTRIBUTIONS OF
MANEUVER ACCELERATIONS -~ Concluded
(b) Check~flight maneuvers
Acceleration, aj, Frequency, £, for -
g units Operation A | Operation B
1.4 to 1.5 -— 1
1.3 to 1.kh — 0
1.2 to 1.3 —— 1
1.1 to 1.2 —~— 1.
1.0 to 1.1 -——— 1
.9 to 1.0 —— 1
.8 to .9 2 3
T to .8 1 1
6 to .7 7 3
.5 to .6 L 6
A4 to .5 13 37
.3 to b 22 54
.2 to .3 180 323
lto .2 161 865
-.1 to -.2 200 =7
-.2 to -.3 112 282
-.%3 to -.k 10 33
--Ll‘ 'tO "-5 ll' 25
-.5 to -.6 2 T
-.6 to -.7 2 3
-.7 to -.8 — 1
-.8 to -.9 — 2
Total (positive
and negative) 720 2,h07
Sample size, hr 838.7 1,080.3
Time in check
flights, hr 5.2 18.5
Flight miles, 1 2.3 x 10° 2.8 x 10°




NACA TN 3475

TABLE IV.- FREQUENCY DISTRIBUTIONS

OF GUST VELOCITIES

19

Gust velocity, Frequency, f, for -
Uges Tps Operation A Operation B
8 to 12 389 107
12 to 16 679 1,058
16 to 20 280 590
20 to 24 6 293
ok to 28 16 97
28 to 32 7 3l
32 to 36 y 16
3600 0 | ameea 7
O tokk | caea- 1
W o8 | amaea 2
Total 1,421 2,205
Sample size, hr 833.5 1,061.8
Flight miles, 1 2.3 x 10° 2.8 x 109




TABLE V.~ FREQUENCY DISTRIBUTIONS OF GUST VELOCITY BY ALTTTUDE

Frequency, f, for -
Gust 0 to 5,000 to 10,000 to 15,000 to 20,000 to
velocity, 5,000 £t 10,000 £t 15,000 £t 20,000 £+ 25,000 ft
Ude, fpa
Qperation |Operation |Operation|Cperation|Operation|Operation|Operation|COperation |Operation|Operation
A B A B A B A B A B
8 to 12 2ho 38 104 33 39 30 6 6 - -—
12 to 16 566 562 155 261 & 175 iy 242 27 18
16 ta 20 205 235 Lo g2 20 67 5 9L 8 5
20 to 24 29 125 T 16 6 22 1 29 3 1
24 o 28 13 26 2 5% 1 5 - 13 -- -
28 to 32 5 11 1 T 1 10 - 6 — -
32 to 36 2 9 1 13 1 1 -— ] - -
36 to ko - 2 _—— 2 - 2 - 1 - ~—
Lo o 44 — 0 _— 1 ——— 0 - —rn - --
Ly %o 48 - 1 —— o ~— 1 - _— _— -
Total 860 809 312 669 152 313 59 390 38 2L
Sample size, hr 120.% 129.2 7-6 195.5 245.2 22,6 ¥ 168.9 29.9 25.6
Flight miles, 3|2.7 x 10*|2.b x 10%}3.8 x 104{%.8 x 10%]6.8 x 10*|6.4 x 10%|8.4 x 10%{15.0 x 10%]8.9 x 103|7.8 x 107
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Figure 1l.- Routes covered by operations A end B.
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22 NACA TN 3475
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Figure 2.~ Comparison of frequency of exceeding given values of gust
acceleration per mile of flight for two operations.
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Figure 4.~ Comparison of frequency of éxceeding given values of
operational- and check-flight-maneuver accelerations per mile

of flight for two operations.
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Figure 5.- Compariscon of frequency of exceeding given values of gust and combined meneuver accel-
erations per mile of flight for two operations.
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